There are a number of fatty acids known to be of physiological importance, such as the arachidonic acid cascades. The determination of these fatty acids, normally found in small quantity in biological samples, requires a sensitive detection technique. Although numerous fluorescence derivatization reagents for carboxylic acids in high-performance liquid chromatography (HPLC) have been reported for this purpose1,2, most of the reagents often require harsh reaction conditions and prolonged reaction times due to the weak nucleophilicity of the carboxyl functionalities. However, 6,7-dimethoxy-l-methyl-2(1H)-quinozalinone-3-propionylcarboxylic acid hydrazide3 and, more recently, 4-(5,6-dimethoxy-2-benzimidazoyl)benzohydrazide4 have been successfully used as sensitive and selective derivatization reagents which, in addition to their detection sensitivities, have advantages over the previously reported derivatization reagents. The major advantage is that derivatization with these acid hydrazides can be performed in an aqueous medium employing a condensation reagent, such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC).
In our previous paper concerning the fluorescence derivatization of alcohols5, we demonstrated that the 2-oxazolyl-5,6-methylenedioxybenzofuran (0MB) moiety in OMB-carbonylchloride, a fluorescence derivatization reagent for alcohols, was of value as a fluorogenic nucleus. We describe herein our preliminary results of an examination of the potential of 2-(5-hydrazinocarbonyl-2-oxazolyl)-5,6-methylenedioxybenzofuran (OMBH, Chart 1) as a precolumn fluorescence derivatization reagent for carboxylic acids. The compound readily reacts with carboxylic acids under mild conditions in t To whom correspondence should be addressed.
aqueous solutions in the presence of pyridine and EDC to produce intensely fluorescent OMB derivatives. The derivatization method using OMBH was also applied to some prostaglandins.
Experimental

Apparatus
The fluorescence spectra were measured on a Hitachi 650-60 spectrometer in 1 OX 10 mm quartz cells; spectral bandwidths of 10 nm were used in both the excitation and emission monochromators.
The proton nuclear magnetic resonance (1H-NMR) spectra were obtained on a Bruker AC-200P spectrometer at 200 MHz using a 0.5% solution of dimethylsulfoxide-d6 containing tetramethylsilane as an internal standard. The splitting patterns were designated as follows: s, singlet; br, broad. The infrared spectra were taken in KBr disks on a Hitachi 270-30 spectrometer. The fast-atom bombardment mass spectra (FAB-MS) were measured on a JEOL JMS-AX 505W mass spectrometer. Uncorrected melting particle size, 5 µm); the column temperature was 40° C. The mobile phase was 80%(v/ v) aqueous acetonitrile (unless otherwise noted), which was pumped at a flow rate of 1.0 ml min'.
Chemicals
All of the chemicals were of analytical-reagent grade. Caproic (C6), caprylic (C8), capric (C10), lauric (C12), myristic (C14), palmitic (C16) and stearic (C18) acids, all purchased from Wako Pure Chemical Industries (Osaka, Japan), and margaric (C17) acid, from Tokyo Chemical Industry (Tokyo, Japan), were used without purification. Prostaglandins E1, E2, F1a and F2a were purchased from Sigma (St. Louis, MO, USA). OMB-COCI (Chart 1)5 was obtained from Dojindo Laboratories (Kumamoto, Japan). Stock solutions of the C6 -C18 acids were prepared in N,N-dimethylformamide (DMF) at 1X10-4 M and diluted with water to give the required concentrations prior to use.
Synthesis of OMBH
To a stirred solution of OMB-0001 (2.0 g, 6.86 mmol) in anhydrous DMF (20 ml) was added hydrazine hydrate (2.0 ml); the mixture was stirred at room temperature for 4 h. Benzene (20 ml) was added to the reaction mixture to prompt precipitation of the product. The resulting precipitates were collected, washed excessively with water and acetonitrile and recrystallized from a 1:1(v/v) mixture of DMF and benzene to afford 0.83 g (42%) of OMBH as an off-white crystalline solid. mp: > 220° C (decomp. Preparation of the OMB-derivative of stearic acid A solution containing OMBH (288 mg, 1.0 mmol), stearic acid (284 mg, 1.0 mmol) and EDC (200 mg, 1.0 mmol) in a mixture of pyridine (5 ml) and ethanol (10 ml) was stirred at room temperature for 16 h. The reaction mixture was evaporated to dryness in vacuo to give a colored residue, which was chromatographed on silica gel (Merck Kiesel gel 60 using 5%(v/v) methanol in chloroform as an eluent) to yield 0.22 g (40%) of the derivatized product as an off-white solid. 
Derivatization procedure
To a 100-µ1 test solution containing the C6 -C18 acids (10 nmol each) in water were sequentially added 100 sl of 100 mM EDC in water, 100 µl of 1%(v/v) aqueous pyridine and 100 sl of 15 mM OMBH in DMF. The mixture was incubated at 37° C for 60 min; a l0-µl aliquot of the resulting mixture was injected into the chromatograph.
Results and Discussion
Fluorescence properties
The fluorescence spectra of OMBH and its stearic acid derivative, both measured in acetonitrile, are shown in Fig. 1 . The emission maximum (/hem) of OMBH (432 nm) was greatly blue-shifted, compared with OMBcarbonylchloride (/hem=515 nm) in acetonitrile.5 In contrast to OMB-carbonylchloride, OMBH did not exhibit a large solvent dependency in its gem. The )hem of the OMB-derivative of stearic acid was almost identical to that of OMBH (433 nm) with the fluorescence intensity being roughly twice as large (Fig. 1) . The addition of water caused both a decrease in the fluorescence intensity and a red-shift of the /hem (e.g., gem=488 nm in 50%, v/v aqueous acetonitrile).
Derivatization conditions
The reaction conditions for the precolumn derivatization of carboxylic acids with OMBH were optimized using lauric acid as a representative acid. The solution of OMBH was prepared in DMF, which gave the most Fig. 1 Fluorescence excitation (A) and emission (B) spectra of OMBH (2) and its derivative of stearic acid (1), both measured at a concentration of 0.1 mM in acetonitrile.
intense fluorescent peak among the solvents tested, including dimethylsulfoxide and alcohols. When a DMF solution (100 µl) of OMBH at various concentrations (0 -20 mM) was used to derivatize 0.1 mM lauric acid in water (100 µl) in the presence of 6 mM EDC (100 µl) and 20%(v/v) aqueous pyridine (100 p1) at 37° C for 30 min, the fluorescent peak height of the derivatized acid became maximum and constant at OMBH concentrations higher than 10 mM. Employing OMBH at 20 mM or higher caused a precipitation in the reaction medium; a 15 mM reagent solution was therefore used in the following experiments. Upon increasing the concentration of EDC (100 µl) in the derivatization reaction with 15 mM OMBH (100 µl) and 0.1 mM lauric acid (100 µl) in the presence of 20%(v/ v) aqueous pyridine (100 µl) at 42°C for 30 min, the fluorescent peak height was maximized at EDC concentrations higher than 40 mM. A 100 mM EDC solution was employed thereafter in the procedure. The concentration of pyridine was varied from 0 to 2.5%(v/v) under the same conditions as described above with 100 mM EDC. The fluorescent peak height increased in response to an increasing concentration of pyridine, and reached the maximum value and remained constant at concentrations higher than 0.5%(v/v); 1.0%(v/v) was employed as the optimum value. Figure 2 shows the effect of the reaction time and temperature in derivatization reactions carried out under the optimized conditions mentioned above. At any temperature, the reactions appeared to come to completion within 60 min. Interestingly, derivatization at 52° C gave a poorer yield than that run at 37° C. As the standard procedure, the derivatization was carried out at 37° C for 60 min, which gave the maximum yield.
The acid as derivatized was stable over days at room temperature. We also tested a-ketoglutaric acid and 18 different amino acids under the conditions of the derivatization procedure and confirmed that no fluorescent products were produced with these compounds. The detection limit of lauric acid under these conditions was 0.1 pmol per 10-µ1 injection volume at a signal-tonoise ratio of 3. The precision of this assay, determined by repeated runs (n=5) of the C6 -C18 acids, was within 2.0% as the relative standard deviation.
Separation of carboxylic acids
Using this precolumn derivatization procedure, a mixture of the C6 -C1S acids (10 nmol each) was subjected to reversed-phase HPLC assays (Fig. 3) . All of the derivatives of the acids were separated within 35 min after the reagent-blank peaks (except for C6 acid) by a linear gradient elution of aqueous acetonitrile (40-1100%, v/v) over 35 min. At an initial acetonitrile concentration higher than 80%(v/v), the peaks of the derivatized acids were not resolved from the reagent ones. The addition of methanol to the mobile phase did not improve the separation, whereas it tended to retard the elutions. Fluorescence detections were not affected upon increasing the acetonitrile concentration in the mobile phase.
The derivatization method using OMBH was also applied to some prostaglandins (PGs) (Fig. 4) . A mixture of PGF1a, PGF2a, PGE1 and PGE2 (0.1 mM each in methanol; 0.25 pmol each per injection volume) was derivatized under the optimized conditions, and the reaction mixture was used for HPLC. All peaks of the OMB-derivatives of PGs overlapped with the reagent peak when the gradient elution of 50-X100%(v/v) aqueous acetonitrile, which was used for separating the . Derivatizations were carried out at or 52°C (Q), as described in the Fig. 3 Chromatogram of the 0MB-derivatives of the C6 -C18 acids, obtained with a gradient elution of 40-*100% (v/v) aqueous acetonitrile. The derivatization and HPLC conditions are described in the experimental section. Peaks: 1, C6; 2, C8; 3, Clo; 4, C12; 5, C14; 6, C16; 7, C17; 8, C18; others, reagent blank. carboxylic acids, was employed. Although they were eluted late, the PGs were best resolved with an isocratic elution of 30% aqueous acetonitrile, where reproducible retention times were obtained. PGE1 and PGE2, particularly, were not separated when acetonitrile at concentrations higher than 30%(v/v) was used.
OMBH thus proved to be of potential value as a precolumn derivatization reagent for carboxylic acids in HPLC that works under mild aqueous conditions.
